Rectal suction biopsies taken by the simple technique recently described by Noblett (1969) and are surgically preferable to larger submucosal biopsies or to fullthickness techniques.
To the histopathologist, however, they may present problems of interpretation in the diagnosis of Hirschsprung's disease. This is in part due to the relatively diffuse nature of the superficial submucous plexus compared with the more familiar intermuscular plexus and to the rather smaller size of its ganglion cells and ganglion complexes.
We have applied a cholinesterase (ChE) histochemical technique to biopsies of this type in an attempt to make the submucosal nervous tissue more conspicuous and also to evaluate the significance of mucosal cholinesterase activity in the diagnosis of Hirschsprung's disease.
Materials and Methods
The biopsy site was in all cases estimated to be at least 1 cm above the proximal limit of the 'normal hypoganglionic zone' described by Aldridge and Campbell (1968) .
One hundred and sixty biopsies were taken from 101 patients ranging in age from 2 days to 17 years, Received for publication 23 October 1973. and were processed for cholinesterases. Whenever possible duplicate biopsies were also taken from an adjacent site, and were processed by a conventional histological method (fixation in neutral 10% formalin, embedding in paraffin wax, thin serial sections stained with haematoxylin and eosin). All the patients had presented with a clinical picture suggesting the possibility of Hirschsprung's disease, which was ultimately confirmed by definitive surgery in 33 of them and was excluded in the remainder.
HISTOCHEMICAL TECHNIQUE
The biopsy was immediately spread submucosadown onto a small block of animal spleen or liver (for ease of handling and cutting), and quick frozen in hexane cooled by dry ice in acetone. It was then cut at 15,u in a plane perpendicular to the flattened submucosal surface, as serial sections. The slides were air dried for a few minutes, immersed for 30 seconds in 10% neutral formalin at room temperature, and washed in distilled water. They were incubated for three hours at 37°C in the medium described by Karnovsky and Roots (1964) , using an acetate buffer at pH 6-0 and s-acetylthiocholine iodide (AThChI) as substrate. Inhibitors were not routinely used, so that the histochemical reaction presumably demonstrated both true (acetyl-) and pseudo-cholinesterase activity. After rinsing in generally visible around the submucosal blood vessels.
Muscularis mucosa
The muscularis mucosae appears as a fairly dense ChE-positive network surrounding the blue-stained elongated muscle-cell nuclei. Examination under high power suggests that the ChE activity is concentrated around the periphery of the muscle cells (fig 3) .
Mucosal cholinesterase activity is in most biopsies due in large part to an anastomosing network of fine fibres in the lamina propria, running more or less parallel with-the crypts. Their appearance suggests that they are small bundles of nerve fibres. Both their apparent number and their density of histochemical coloration contribute to the overall variability of ChE activity.
In addition, variable patches of intensely ChEpositive material of a more disorganized fibrous appearance, associated with brown-staining oval cell nuclei, occur in the lamina propria of many biopsies, both ganglionic and Hirschsprung's. These fibres do not appear to be nerves: in some biopsies they occur throughout the mucosa (with variable breakdown of the normal crypt architecture) and constitute the dominant contribution to ChE activity. They are consistently seen in biopsies which appear congested on macroscopic examination. They probably consist of extravasated plasma proteins and blood cells, and may in some cases be due to the biopsy procedure itself. Similar patches are sometimes also seen in the submucosa.
As well as a brown coloration of the distal cytoplasm of the epithelial cells bordering the lumen, a thin line of ChE-activity is sometimes seen just deep to the basement membrane of the epithelium bordering the lumen. Finally, small branches of the muscularis mucosae penetrate the lamina propria and contribute to the overall activity observed.
ASSESSMENT OF MUCOSAL CHOLINESTERASE ACTIVITY
Assessment of mucosal cholinesterase activity presented several problems. As described above, the pattern as well as the overall average density of ChE coloration varied in several ways. For the purposes of numerical analysis, however, the only practicable criterion was found to be the overall density of the histochemical deposit, regardless of fine histological appearance. The strongly ChEpositive cores of lymph follicles, which were commonly seen in biopsies of both types, were, however, excluded from this assessment.
The biopsies were subjectively ascribed to one of five arbitrary categories thus: Inclusion of the selective acetylcholinesterase inhibitor BW 284C51 in the incubation medium at 3 x 1O-5 M resulted in abolition of coloration except in the muscularis mucosae and in the ganglia, in both of which the staining intensity was greatly reduced.
Inclusion of both iso-OMPA and BW 284C51 at these concentrations abolished all but the faintest coloration in the muscularis mucosae.
Discussion
The interpretation of rectal suction biopsies in the diagnosis of Hirschsprung's disease presents several critical questions to the histopathologist. The biopsy site must be selected above the 'normal hypoganglionic zone' described by Aldridge and Campbell (1968) , but must be low enough to avoid missing an 'ultrashort segment' variant of the disease. Moreover, since the biopsy is performed without proctoscopy, and on an unsedated child, and in view of the elasticity of the rectal mucosa and the probability of encountering rectal folds, care is necessary to ensure that the surgeon's estimate of biopsy height is reliable. The apparatus must be capable of providing undamaged biopsies of adequate size and depth, and the biopsy must be orientated and processed with special care because of its small size. Gherardi (1960) and others have established that the limit of aganglionosis in Hirschsprung's disease coincides closely in the submucosal and intermuscular plexuses. Aldridge and Campbell (1968) have significantly advanced our knowledge of the distribution of submucosal ganglia in the normal rectum at different ages, so that the optimum biopsy level for a child of any given age may be estimated with some confidence. Yet many pathologists are still reluctant to make a positive diagnosis of Hirschsprung's disease on the basis of rectal suction biopsies, possibly due both to doubt as to the amount of submucosa that must be scanned before absence of ganglion cells is indicative of aganglionosis at that level; and the relative difficulty and tedium of accurate identification and assessment of submucosal ganglia and nerves by comparison with the more compact and familiar intermuscular plexus.
Several workers have introduced histochemical methods in an attempt to facilitate the interpretation of these biopsies. Gannon, Bumstock, Noblett, and Campbell (1969) have applied the formaldehydeinduced fluorescence technique for catecholamines developed by Falck and Owman (1965) . They were able to diagnose all of eight cases of Hirschsprung's disease studied in this way 'by looking at one, or at most several, sections', on the basis of a massive increase in the fluorescent nerves in the submucosa and muscularis mucosae, compared with normal controls. Though they assert that this method serves as a 'useful corollary to conventional histological methods', the technique is demanding in time and apparatus and is notoriously capricious in its working. Furthermore, Garrett and Howard (1969) found in a similar series at least one apparent exception to these observations. Garrett and Howard (1969) and Lake (1972) Gomori's (1952) modification of the method of Koelle and Friedenwald. Drawing from experience with a large series of some 214 biopsies from as many patients, he states that a positive diagnosis can be made from rectal suction biopsies consisting of mucosa alone, based on a massive increase in AChE activity in the lamina propria, which he finds to be proportional to the severity of clinical presentation. In normal rectal mucosa, he finds, by contrast, 'virtually imperceptible' mucosal AChE activity (with 90 minutes' incubation). Furthermore he asserts that mucosal AChE activity affords precise diagnosis even 'from biopsies of the anal mucosa and within the first 3 cm of the rectum proximal to the anal ring'. Nixon (1969a, 1969b) , in 19 cases of Hirschsprung's disease examined, established a positive correlation between the severity of clinical presentation and numbers of AChE-positive nerves in the circular muscle of the distal aganglionic bowel. Of these 19, three cases which failed to show a classic constricted segment on barium enema had even fewer AChE-positive nerves in the circular muscle than did normal controls, and, contrary to Meier-Ruge's findings, also had few in the mucosa. In these three patients presentation was mild (constipation).
We found that from a technical point of view our method presented no special problems, and that serial sections could with practice be cut on the cryostat with ease and speed, mounting on average some 24 sections per slide. Ideally, a biopsy could be ready for examination within some four hours of receipt. In the routine pathology laboratory, however, geared primarily to paraffin sections stained with haematoxylin and eosin, considerable extra labour would probably be required to produce cholinesterase sections solely for rectal suction biopsies.
The histochemical reaction was generally consistent enough to permit a meaningful subjective comparison of the ChE activity of different biopsies. The animal tissue on which the biopsies were mounted provided a useful control in this respect. A few biopsies failed to stain properly, ChE-positive material appearing a dirty green colour: this was traced to contamination by excess mineral oil used to lubricate the biopsy forceps. A distinct but slight increase in the overall histochemical activity was noted when one sample of AThChI was replaced by a fresher sample from a different source, and allowance was made for this in the assessment. Cold storage of the biopsies (protected against drying) or the air drying of slides at -30°C did not appear to diminish histochemical activity over a period of a few days.
The relatively thick sections and protracted incubation period were chosen to demonstrate mucosal ChE activity to best advantage at the expense of some loss of cytological detail. Identification of ganglia was accordingly more dependent on their overall configuration (though highly distinctive using this method), rather than on the fine cytological characterization of ganglion cells, particularly of the nuclear detail, that fine paraffin sections permit.
Of the 91 biopsies judged 'adequate' ( If the rate of diagnosis is considered per patient rather than per biopsy we find that of 67 patients from whom an adequate biopsy was obtained, a correct diagnosis was made for 59 (88 %), and diagnosis was suggested (though less definitely) in a further five patients (7 %.).
We found that both ChE-positive nerves and ganglia in the submucosa could be scanned rapidly and accurately, using low power (x 100) with only occasional need for a higherpower.Theconspicuousness of nervous tissue against the submucosal ground matter, in our opinion, made scanning of serial sections for ganglia less tiring than with conventional haematoxylin and eosin preparations. In particular we felt that the superabundant fine nerves in and near the muscularis mucosae, which were demonstrable in nearly all Hirschsprung biopsies, were easier to assess. But such comparisons are necessarily subjective, and for the pathologist who is familiar with the interpretation of paraffin/ haematoxylin and eosin sections of these biopsies, the advantages may be offset by the problems of adjustment to a radically different type of preparation.
A visiting pathologist with special interest and experience in this field examined a duplicate set of serial paraffin/haematoxylin and eosin preparations of biopsies of the last 62 of the series presented here: his diagnostic rate almost exactly coincided with our own (Carter, 1972) .
Thus, apart from any advantages of convenience, any ultimate advantage of this method must lie with the diagnostic potential of the mucosal cholinesterase activity. But though we found (table III) that most (71 %) non-Hirschsprung biopsies had a low mucosal rating (1 or 2) and most (93%) Hirschsprung biopsies had a higher rating (3, 4, or 5) there was a considerable overlapping group, so that in our hands the mucosal cholinesterase activity is not alone a reliable diagnostic criterion. In this respect our results differ markedly from those of Meier-Ruge and his colleagues (1972) , who found high mucosal AChE activity to be a 100% reliable criterion for the diagnosis of Hirschsprung's disease in a series of 214 patients. This could conceivably be due to their routine use of OMPA as a pseudocholinesterase inhibitor, although our specificity tests suggest that its use would not have significantly affected our mucosal observations. Alternatively the discrepancy may be due to other differences in technique, including perhaps the biopsy procedure itself: or differences in interpretation may be involved, our rating being based solely on the density of histochemical coloration without interpretation of its origin as nervous, 'specific', or otherwise.
Finally it is noteworthy that one biopsy from this series, taken in the routine fashion from a premature neonate, contained in addition both circular and longitudinal muscle (and a 
